
KKY TO CHISIIOLM'S MATHEMATICAL MECHANICAL SCALE.

et to llitt miilillc laliliiilv .'I' '2'i', ninl llio ili'pnrliint II

on A. o(i|HiKil<> it (111 inilux will be scimi llie ilillcii'inu

Kiliidu III) iiiili'.^.

I..MI-. Ml Jit^niMV.

Dill", long. 4 1 (1 miloH — (i .»ii K.

'> tftkiMi

111' liiri-

Long. in IS" iltl' W.

IIiMK'i' lipr dinrsc ix S, .'tl" 4' K,, dliitaiioe run 804,2, anil

l<in«ilnili' ill 12 .'Wr W.
A Hliip Cnmi liitllHilti 411 .'1.')' N., mid li)iifriliidi' ITfi' l'.''\V.,

HnilM N. \V. by \V.
J
\V. till hIi.- iinivcH In liililiidi- .'il' IM'N.:

re<|nirt'd lliu iIIhIiuu'u run mid liiiigitndu in.

Lilt. It'll 40 ;t.VN.

Lilt, in 51 1« N.

4(1 ;i.VN.

.-.1 l«'N.

Diir. hit 4' 4a'

(10

1)7 .VJ'

Mid. Iiii 4«» uO'

Dirt', in miles 2H3

This probli-m can bo Bolved by n procc»« nearly aiinilnr to

lliat niiidi' iHo ol in llu^ third cxMiiipIi'
; yd, in di'iIit to nIiow

iho powi'rs (if the, ncalc, we Khiill iiddpl ii dilli'iciil iiKMhnd.

It nmy, hdwcvi'r, Ik; imipor to roinnrk, liotore ln'^'inninfr, lliiit

wlcii the hir^rcr diviitioiis arc conHidfred (h'jjrt'ow, I'lich dt'llu!

iimiillcr (UK'S will rt'prusent six wiuntos, being the tenth pnrt

of niNly.

Kii.i:.—.Sot Iho indfix to niiddli? latitude 4S° .ir/, and on

j<i(le A tiiko tlio dill'eroiico of liililndo 4" 411', tliiit U, 4 hir;;«

divisidiin nnd 7 1-li siimll onos, or Iho dividion roproHoiitiii;;

4 7.111: opposite this will lio found uu index the nioridiuuiil

diirereiice of liilitudo 7. J or 7^ \'''.

Now, sol the Index to the course SJ poinlH, and s,,,

opposite llio dirtoronco of hililude 4" IM' on A, will llKurcM.

appear on index Iho dislance 10 or (iOO miles ; and if hull •

the nioridloniil diU'erenee of liililnde ;l .'!(!, or llic division

rcprosonliii^ .'Jti, bo taken on A and its ]>orpon(li(iilar Inieed

to index, llioii opposite this point on index will bo found on

15 liulf llie dilloronec of loii<;iliide (i' 72 (U' Ii" 4 I'. Iloiico

tli(! dillereneo of longitiido is 13' 28', mid longitude in llJ!)

JO' K.

The olijeet of this work beiii-' to tench tlio application of

the sciilo to N'livigiilional purposes, and not to throw any ad-

dilioiiiil Ii;;ht on Navigiilion, it is not tlioii^rht necessary to

treat on objiiiuo and current sailiii;:s here. If the operator

thoroughly nndcrstaiids Trigonometry and its application to

Traverse .Sailiii;,', any cases that may occur in these, how-
ever, will not eo.sl him a nioinent's thought when iu posse.s-

hioa of the scale.

sniKRiCAL trioo\omi:tuy.
(I.'i. In treating on .Spherical Trigonometry at all, our ob-

ject is merely to show that the scale is adapted as well to

Spherieal as to Plane Trigonometry. W'e shall therefore

give only a few examples.

£x. 1.—In the spherical triangle ABC, right- s„
angled at 11, the hv|)Otlicnuso A C is 04', and the Afurciir.

angle C 4(r : tiud li C.

To find U C :

Cot. A C 04= : IJad. = Cosine C 40° : Tang. B C.

The cot. of 040 (Art. 21) is 29.3, radius is OO, and cosine

40' is 41.0. .Set radius 00 011 index to 211.3 on A, then op-

posite 41.<i on A is tangent B C H,') on index ; take Hi) on
line of tangents, set the index to it, and on (pmdrant will ap-

pear the number of degrees in the arc B C ."14° .')')'.

J^.r. 2.— ]>et the liypotlienuse A C and side B (" of the

figiir(s A B (Kx. 1) be given, e(inal to 70' 24' and 05' 10' re-

spectively : find angle C.

• Because the pcrpemlicukr of the meriilional difference of latitude

will not iutersect the iuJei, its liulf is usixl.

Ilad. i Cot. A C 70' 21' - Tang. B C (l.V 10' : Coi. C.

Itiidiu,'4 is 00, cotangent 70' 21' is 21.2, and the fiemi-tan-

gent (d' O.'i' 10' iit I'l.'i
; llion, sot liO on index to 21.2 on B,

and opposite O.'t on index is half the cosine (' 23.1 on II;

Ihorolorc cosine angle (' is 40.2. The perpendicular of 40.2

taken 011 A, being Irncod to the arc nf the (piadrant, will iu-

diciilo ou it llio iiinnber of degrees ill)' 42'.

ASTUON'OMICAI, TUOBLEMS.
00. To find the sun's longitude on a given day.

Ut'l.F.—Count the iiuinbcr ol days from the nearest equi-

noctial point ; and if the sun is on the soiilh side of the e(pia-

1(U', their number will very nearly agree with the sun's longi-

tude taken i degrees on the ipiadrmit of Iho scale. If the

(h'clinalioii be north, count the ninnber of days as before,

and suhlraci one day (or every thirty, and in proportion for

a loss number, and the reniaindor will agree with the sun's

longitude in dogreos and iiiinutcs on the (|iia(lraul.

S'dlf.—Tlio sun's lotigituil(( is dftoii useful to discover data
for the solution ol problems in Astronomy.

Hx. 1.— K.'ipiiroil the sun's longiludo ou the 2olli day of
November, |H(;o.

The number of days from the 22(1 .September (the day ou
which the sun was on the e(piator) to Iho 2'>th day of .No-

veniber, is 04 ; hence the sun's longitude on that day was
or.

Kx. 2.— Ileipiircd the sun's longitude on the 25lli day of

May, IMOO.

From the 20tli JIarch (the day on which the sun was on
the equator) to the 2rub May, arc 00 days; and subtracling

a (lay for every 30, that is 2 !-.'» or 2.2 days, loaves 03.M or
03' \H', the sun's longitude.

07. To tiud llir sun's declination on a given day.
ii'x.— Uo(piired the sun's declination on the 2Jlh day of

November.
The sun's longitude by (Art. (!0) is 01'.

Then, as radius = 00 on F
Is to sine 1

' (the sun's di-cl.) '» I on B
So is sine of 23" 28' (greatest decl.) = 24 on K

To sine present decl. 20' S.")' 21.30 on B
OH. The greatest declination and the present declinalion

given to tiud the sun's longitude.

L'x.—(liven the greatest declination 23" 2M', and the pre-

sent declination 20' ,')5'
: to find the sun's lo'igilude.

Bi'i.K.—As sine of 23' 28' (greatest decl.) 21 on V
Is to sine 20 55' (present decl.) 21.30 on B
.So i* radius 00 on K

To sine of sun's longitude 04 ' 54 on It

01). The latitude nnd docdination given to find the sun's

amplitude, or the distance in degrees Iho snn is from the east

or west at its rising or setting.

Ex.—(iivon the latitude 40 N. and the declination 22
30' N. : reiiuired the sun's amplitude at rising,

Bii.K.—As cosine hit. 40-' 40 on F
Is to sine decl. 22

'
80' 23 on I!

So is radius 00 on V

To sine ainplitudc 29'^ 50' nearly 20.8 on B

70. To find the time of the sun's rising and setting on a

given day in any latitude.

A''(c.—If the declinalion is not given, find it by Art. 07.

Ex. 1.—Uequired the time of the sun's rising and selling

in latitude 50- N., declination being 23' 88' N.
As radius CO ou B
Is to tang. hit. W 71 .2 on F
•So is tang. decl. 23° 28' 20 on B

The nsceiisional difrerenco ronverled into lime (allowing

l.V to hour and I )o t minules (d' tiim^), |{i\es the lime that

the sun rises before, or sets itfier, (i'(4iH'k in snminor, and
the reverse in winlgr, in niirlli liitiliide. The above usceli-

sioiml dilI'eroiie(( 31 ', converted Into lime, gives 2 bourn 4

ininnlos, which being added to o'clock, gives the time of

the nun's selling H hours I minules. and being siiblriioted

friHii (»( lock gives .3 hours 50 minules ; therefore the sun
sets at 4 minutes past H mid rises at 50 niinules past 3,

Ex. 2.— Keipiii'od Iho lime of the sun's rising iu lut. 4U'N.,
the deeliiiatiou being 15'^ N.

As r. ding fiO on F
Is to tang. hit. 40^ flO.2 ou B
bo is tang. decl. \!i 10.2 on V

To sine ascensional difference 13" 13.0 on H

1.3 degrees eonverlod into lime gives 52 minutes, which,
being siiblriicleil Ironi o'idock, gi\i's 5 hours 8 minutes

;

hiuice the sun rises at H minules past 5 o'clock,

71. To find the length of the longest day in any latitude

under 00" 32'.

The hingest day will happen when Iho sun is in Ihc sol-

stice, at which liiiio lhi> declination is 23 2H',

Ex,— Itoijuired the longest day iu hililude 58^,

As radius CO nn B
Is III laiig. hit. .'J8'' !)5 on F
So is Ian. of decl. 23" 28' 20. on B

To sine ascensional difference 31" = 31.1 onF

To sine nsceiisional difference 43' = 41 on F

43 degrees converted into lime is oipial to 2 hours 52 min-

ules, and this addi d to o'chick (Art. 70) gives the time of

the sun's Hotting M hours 52 minules, which, being doubled,

gives till! length of the day 17 hours II miniilos.

72. To find the length of the longest day in any latitude

above Ol!" 32'.

Ex.—What is the leiiclh of the loii'.'esi day at tln^ North
Cape, in the Island of Alaygeroc, in laliludc 71 30' N.'i"

1{| 1,1;.—Sol the index to lat. 71 3(f on (piadrant, and on
the pei'peiidicular ol .'JO taken on A will bo loiiiid the semi-

tan^^ont of the latitnih' H!).l.

Then take HIM on index and sol it to the parallel of half

radius 30 on B, and (ipposil(^ 00 ("inc of ascensional difl'er-

cnce for hours) on index will bo foiiiiil on II 20.2, the lan-

gont of dccliiialioii ou tln^ day on which llie sun ceases |o set

in the given lalitiide. ,Scl the iinh^x lo 20,2 on lliu line of

tjiigenis, and the doi linalion will iippeiir on the arc lo be

18 35', mid its sine will be found on side'B to bo IIM.

Sot 2 1 (sine of gioalost declinalion 2.'1 28') on index lo

11). I (siiii? of aforesaid decl.) on I!, and on the arc of the

(luadrant will iippoar the sun's hiiiiriliido when it censes to s t

51' ;!5'. Subtract 51" ;!5' from DO , and the remainder 38''

25' doubled gives 70
' 50', which, being taken iu time, is equal

to 70 days 20 hours.

The operation may bo more easily uiidoi'stood by the fol-

low iiig pro|i(irlions :

—

As semi-tangent lat. 71" 30' AH.l on index

Is to ball radius SO on B
So is sine ascensioual diff. for hours. . 00 on index

To tangent deid. when Ihe .«uii ceases (0

sii in the given latitude IH" 35' 20.2 on B
The sine ol 18 35' is eipial lo IH.I

Then, as siiK^ of greatest decl. 2.! 28'. 21 ou F
Is Id sine ol above decl. 18 35 11). 1 on B
So is radius 00 on F

Sine of sun's long. 51' 35' 47 -|- ou B


